ABSTRACT. Proficiency testing is a widely used, international procedure common within the analytical chemistry community. A proficiency trial (which VIRI is) often follows a standard protocol, including analysis that is typically based on zscores, with one key quantity,  p . From a laboratory intercomparison (sometimes called a proficiency trial), we hope to gain an assessment of accuracy (in this case, from dendro-dated samples), laboratory precision (from any duplicate samples), and generally, an overall measure of performance, including measurement variability and hence realistic estimates of uncertainty. In addition, given our stated aim of creating an archive of reference materials, we also gain a determination of consensus values for new reference materials.
INTRODUCTION
The Fifth International Radiocarbon Intercomparison (VIRI) continued the tradition of the TIRI (third) and FIRI (fourth) intercomparisons providing an independent check on laboratory procedures. VIRI was designed to have 3 stages, spread over several years, involving 2 sets of specific sample types (grain and bone), and then a final stage involving a wide variety of common sample materials. Separate papers have summarized the results for first 2 stages (Scott et al. 2007 (Scott et al. , 2010 .
In Stage 3 of VIRI, 7 samples were provided to all laboratories, comprising 3 wood samples, in addition to cellulose, shell, barley mash, and humic acid samples (samples K, L, M, O, R, S, U). Radiometric laboratories received a further charcoal sample (Sample P), while a further 4 samples were provided for AMS laboratories, comprising 1 further wood sample, 1 charcoal, and 2 humic acid samples (samples N, Q, T, J). More than 50 laboratories (of which 19 were radiometric) participated. In addition, many AMS facilities reported replicate results.
Analysis of the results reported here focuses on the definition of the consensus values as well as exploring overall performance using z-scores.
SAMPLE DESCRIPTIONS FOR VIRI, STAGE 3
In summary, 12 samples were distributed (1 for radiometric only, 4 for AMS only). Materials included known-age wood, cellulose, shell, barley mash, humic acid, and charcoal. Samples ranged in age from modern, to a few thousand years, to more than 40,000 yr. A brief description of each group of materials is given below.
Sample J: humic acid from a peat deposit in Siberia, provided by Prof Kh Arslanov, St Petersburg. This sample is close to background.
Sample U: humic acid from a peat deposit at St Bees, Cumbria, (~2 half-lives) already used as FIRI E. Sample O: cellulose (known age) from Cambridge, corresponding to 60 rings from a plateau period; previously used.
Wood

Charcoal: Samples P and Q (AMS only)
Sample Q: charcoal from Iceland, provided by Dr Mike Church, University of Durham.
Sample P: charcoal from Mexico, provided by Dr L Manzanilla from the Teotihuacán archaeological site.
Barley Mash
Sample S: barley mash from Glengoyne distillery, 2001.
Shell
Sample R: murex shell from the Tel Dor archaeological site, provided by Elisabetta Boaretto, Weizmann Institute.
METHODS
Consensus Values
Following the procedure outlined in Scott (2003) , preliminary consensus values were calculated using the median, which also leads naturally to the identification of a number of outlying values, which are then screened out. The final consensus or assigned values are calculated using a weighted average, where the weights are defined by laboratory quoted uncertainty. The exception to this is for samples whose results are censored (i.e quoted as greater than), such as Sample K, where an alternative non-parametric procedure is used.
PROFICIENCY TESTING AND Z-SCORES
Proficiency testing is widely used in the analytical chemistry communities. VIRI and its predecessors are examples of proficiency tests and, as is common in the analytical chemistry community, they follow standard protocols. Analysis of the results also followed fairly standard procedures, evaluation of the assigned value (e.g. 14 C age) and measures of performance, typically based on zscores derived using one key quantity,  p . Interpretation of z-scores includes accuracy, precision, and "fitness for purpose."
For the analysis, we have reported z-scores, calculated as where X M is the reported result, X A is the assigned or true value for the material, and  p is the target value for the standard deviation for values of X. The value for  p is determined by fitness for purpose and represents the amount of uncertainty in the results that is tolerable in relation to the purpose of the analysis, although more commonly the laboratory quoted error is used. X A may be known or assessed as the consensus value. Interpretation of the z-score reflects the accuracy achieved and provides a means of making a judgement concerning fitness for purpose.
It is commonly assumed that z should be Normally distributed with zero mean and variance 1, where
• A z-score of 0 implies a perfect result.
• A z-score between -2 and +2 is generally considered as complying with fitness for purpose.
• A z-score outwith -3 or +3 would be very unusual, with further investigation needed.
RESULTS
Consensus Values
Some 52 laboratories reported results (32 AMS, 2 GPC [gas proportional counting]) in Stage 3, but there are many more sets of results (>60 sets) due to the multiple reporting particularly by AMS facilities. Table 1 presents the summary statistics for the samples, showing the mean, median, and standard deviation as well as the interquartile range (broken down by laboratory type: AMS or radiometric (R)) in pMC. (Note: due to the small number of GPC laboratories, it is not possible for statistical summaries to use the usual convention of AMS, LSC, and GPC.) Figure 1a and b show the mean and standard deviation (in pMC) for all samples. Figure 1a shows little evidence of difference on average between radiometric and AMS facilities, which is supported by findings in the earlier stages of VIRI. Figure 1b does show some evidence of differences over the suite of samples in terms of variability (note: Sample P should be discounted since although predominantly a radiometric sample, a few AMS results were also returned). Again, this is consistent with previous findings in terms of variability, specifically for sample P and sample S. Any outliers have not been discounted for this preliminary graphical representation, and they would have a strong effect on the quoted standard deviation.
z-scores
Figures 2a and b show illustrative z-score plots for an individual sample and for an individual laboratory, while Figure 3 shows the boxplots of all z-scores for each sample. In these calculations, the laboratory's 1- quoted error has been used, so that we would expect that most values should lie within the ±2 band, indicating acceptable performance. Values beyond ±2 are observed, which may be a function of a large difference between measurement and consensus value, and/or a small error. Use of such plots allows a) identification whether a specific material has proved problematic (e.g. perhaps being inhomogeneous) and b) for an individual laboratory, whether any specific sample has an extreme z-score, indicating an unusual result. Figure 3 shows how the distribution of z-scores varies over the samples. Individual z-scores can be seen that lie well beyond the ±3 range, and these are particularly apparent for samples K (background) and S (modern). In such a large data set, we would expect to find some results that lie outwith the acceptable bounds of ±2; however, extreme values should be the subject of further investigation. The results are, however, broadly consistent over the pMC range of 0.05 to 110 pMC, with more variation at the endpoints of this range, in that the majority of results for each sample lie within ±2 and ±3.
CONCLUSIONS
Participation in a proficiency test helps ensure the results from a laboratory are meaningful, contributes to and enhances a laboratory's reputation. What do participating laboratories want? They expect relevant test material (samples), confidence in homogeneity of test material, and confidence in the assigned value. The VIRI program has striven to deliver this using wherever possible sample material that is in routine use. Stage 3 covered a wide range of sample materials and spanned the 14 C activity range. Good, practical quality assurance (QA) procedures are in place in laboratories, but participation in proficiency trials is a necessary part of routine activity. Their value depends on the quality of the test materials and on the willingness of so many labs to participate. Within the VIRI program, overall more than 60 laboratories worldwide have participated, with now many more AMS than radiometric facilities participating.
The results have shown that for "old" samples, we see more between-laboratory variability, but there is little evidence of differences on average between the laboratory types. For this round, individual laboratory performance has been assessed using z-scores, and the majority of results have fallen in the ±2 satisfactory (or "fit for purpose") band. Some unusual values are also observed that would merit further investigation.
